A note on the flora and fauna in the rumen of steers fed a feedlot bloat-provoking ration and the effect of penicillin. Appl. Microbiol. 9:511-515. 1961.-A study was made of the predominant culturable bacteria and ciliate protozoa present in the rumen of two steers that were regularly bloating on a pelleted ration containing 22 % alfalfa meal, 16 % soybean oil meal, 61 % barley, and 1 % common salt. The ruminal microorganisms in the two animals differed as indicated by a high total culture count of bacteria, an almost complete absence of ciliate protozoa, a low pH, and a difference in the proportions of presumptively identified predominant bacterial groups in one animal (steer 26) as compared with the other (steer 32). The first exposure of the animals to procaine penicillin (75 or 150 mg per day on 2 successive days) resulted in an abnormal ruminal flora 31 hr after the first treatment as indicated by drastic drops in total and cellulolytic bacterial couints and a change in the proportions of predominant bacterial groups. The animals refused feed for 32 to 48 hr after the first treatment. After feed consumption resumed, further treatment with 75 mg penicillin on 4 successive days did not appear to greatly alter the flora and did not result in feed refusal in animal 32. In animal 26, amounts of penicillin progressing from 50 to 200 mg per day did not result in feed refusals and observations on rumen ingesta samples during this period indicated a decrease in total bacterial count, a great increase in numbers of ciliate protozoa, a higher pH, and a change in the proportions of predominant bacterial groups so that the ruminal picture was much more similar to that of animal 32 than to its own during the pre-penicillin period. Bloat was not relieved except during the period of feed refusal.
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The results indicate that the ruminal flora rapidly adapts to penicillin and that bloat of the feedlot type can occur in animals with widely differing numbers and kinds of bacteria and protozoa. Feedlot bloat does not appear to be correlated with the occurrence or numbers of any of the individual predominant groups of bacteria cultured.
It has been suggested that ruminal bacteria are intimately involved in the etiology of bloat of cattle caused by the feeding of rations high in concentrate. Jacobson et al. (1957) , using direct microscopic methods, found the degree of encapsulation of ruminal bacteria to be highly correlated with the average bloat index and suggested that slime production, caused by the capsular material, was involved in the production of frothy ruminal ingesta which was responsible for bloat. Gutierrez et al. (1959) in direct microscopic and cultural studies found that Peptostreptococcus elsdenii and organisms similar to Streptococcus bovis increased considerably in numbers as cattle started to bloat. It was suggested that S. bovis was one of the organisms responsible for slime production and that P. elsdenii might also be involved via its production of large amounts of gas from lactate and the formation of a filamentous mat of long chains which might contribute to stable foam. More recently, Hartman et al. (see Ellis, 1960) could find little correlation between numbers of facultatively anaerobic streptococci or lactobacilli, enumerated by selective cultural procedures, and bloat in the rumen of animals on a feedlot bloatprovoking ration.
Relatively little is known of the predominant bacteria present in the rumen of animals bloating on rations high in concentrates. Gutierrez et al. (1959) utilized nonselective culture media but the method was somewhat selective for fast growing organisms such as S. bovis because cultures were incubated for only 24 hr before being enumerated and identified (see Hungate et al., 1952) and, although many other organisms were present, they were not identified.
The present study was undertaken to determine the predominant groups of culturable bacteria present in animals bloating on a ration containing mainly concentrate. Observations also were made on ciliate protozoa and on the effect of penicillin on the flora and fauna.
MATERIALS AND METHODS
The two mature steers were fed the pelleted ration used by Lindahl et al. (1957) 26 by the numerical rating system . Procaine penicillin was given orally by capsule before the morning feeding.
Samples of ruminal ingesta were collected by stomach tube at 2 PM. Observations on pH, the relative numbers of ciliate protozoa, and methods for total anaerobic counts (rumen fluid-glucose-cellobiose-agar medium), for counts of cellulolytic bacteria, and for the isolation and presumptive identification of most bacterial groups are reported elsewhere (Bryant et al., 1960) .
The bacterial groups included (1) Ruminococcus sp., (2) Bacteroides succinogenes, (3) B. rutminicola, (4) strictly anaerobic homofermentative lactobacilli, (5) Selenomonas sp., (6) Succinivibrio sp., (7) Butyrivibrio sp., (8) atypical Butyrivibrio sp., (9) Lachnospira sp., (10) large curved rods similar to strain B 385, (I1) unidentified group of motile, spindle-shaped rods, and (12) all other unidentified strains.
Some bacterial groups not found in the previous study were found in the present one. Some characteristics used to presumptively identify these groups were as follows. Succinimonas amylolytica (group 13) included anaerobic motile, oval, gram-negative rods that did not produce H2S or gas and produced a final pH of ) included anaerobic, motile, gram-negative spirochetes that were variable in H2S production, did not produce gas, and produced a final pH of 5.2 to 6.0. Streptococcus sp. (group 15) included facultatively anaerobic, gram-positive, nonmotile, short-chained cocei that did not produce gas or H2S and produced a final pH of 4.1 to 4.5. Eubacterium ruminantium (group 16) included anaerobic, weakly gram-positive, nonmotile, short rods to cocci that did not produce H2S, were variable in gas production, and produced a final pH of 5.0 to 5.5 in liquid glucose medium. None of the groups 13 to 16 digested cellulose. For a more complete description of morphology, colony types, and appearance of growth in glucose broth and in glucose agar deeps, see Bryant (1959) or references therein. These characteristics were also used in the presumptive identifications. A very high correlation has previously been shown between many strains presumptively identified by experienced workers on the basis of the above few characteristics and the same strains positively identified via more detailed studies (Bryant et al., 1960; Bladen, Bryant, and Doetsch, 1961) . RESULTS Data, some of which are shown in Table 1 , indicated that both animals exhibited at least moderate bloat after each feeding throughout the experimental period except for about 3 days (six feedings) starting with the fourth feeding after penicillin was first administered. Tables 2 and 3 show the distribution of presumptively identified predominant culturable bacterial groups in the two animals. The distribution of the bacterial groups in the animals before penicillin treatment were similar except that groups 6, 7, and 8 tended to be a higher percentage of total strains in steer 32, and group 10 was higher in animal 26. Analysis of variance indicated this difference for group 6 was nonsignificant, for group 7 and 8, together, approached significance (0.05 P) and for group 10 was highly significant (0.01 P).
Data on groups of bacteria in the first sample from steer 26 after penicillin treatment was started (7/19 sample) were not obtained because spreading growth caused contamination of colonies in all roll tubes. However, the highly spreading growth, by itself, indicated a difference from other samples.
The distribution of bacterial groups in the first postpenicillin sample from animal 32 was quite different from other samples in that only a few groups were isolated. These were mainly group 5 and group 12 (miscellaneous unidentified strains). The latter group included mainly (11 of 19 strains) one subgroup of strictly anaerobic, noncellulolytic, non-gas-forming, H2S-producing, gram-negative, nonmotile, regularly shaped rods that produced a final pH of 4.7 in glucose medium. The regular cell shape and the somewhat low pH were used to separate this subgroup from group 3. Another subgroup 12 in this sample included 5 strains of small gram-variabl'e diplococci that were inactive in all tests except that they produced a pH of 5.4 to 5.6 in glucose medium. Similar strains were not found in other samples.
A comparison of bacterial groups cultured from preand post-penicillin samples of animal 26 indicated that group 4 and group 6 occurred for the first time, groups 7 plus 8 increased, and group 10 disappeared in the post-penicillin samples. The differences in groups 4 and 6 were not statistically significant but the differences in groups 7 plus 8 and group 10 were highly significant (0.01 P).
The bacterial groups cultured from the post-penicillin samples of steer 26 (Table 3) were not significantly different from those cultured from the pre-penicillin samples of steer 32 (Table 2) except for group 7 which was a higher percentage of total isolates in the latter samples (0.05 P).
DISCUSSION
The results indicate that bloat of the feedlot type can occur in animals with widely divergent numbers of bacteria and protozoa present in the rumen, predominant groups of bacteria present, and ruminal pH values. Although the two steers bloated during all periods of the study except for a short period following first exposure to penicillin, the picture of the ruminal microorganisms in pre-penicillin samples from steer 26 was substantially There appea'rs to be no definite abnormality in the occurrence of one or more predominant groups of bacteria that correlates with bloat in the present animals. Gutierrez et al. (1959) indicated that organisms similar to Streptococcus bovis increased greatly in numbers and were among the predominant culturable bacteria as blcat started to occur in animals on the feedlot ration. In the present study, facultatively anaerobic streptococci were cultured only sporadically among the predominant bacteria and direct microscopic studies of Gram-stained smears of the ruminal samples tended to confirm the cultural results. The difference between the present results and those of Gutierrez et al. (1959) is possibly explained on the basis of the much longer time period that the present animals were on the ration before samples were taken.
As in the study of Gutierrez et al. (1959) , long chains of large cocci similar to Peptostreptococcus elsdenii were quite numerous in the Gram-stained smears of all samples except those taken after penicillin treatment. These organisms were not among the predominant bacteria cultured although they grew very well in the medium used. This, as suggested by Gutierrez et al. (1959) , was probably due to the difficulty in breaking up the long chains so that more colony-producing units would be formed.
The bacterial flora of the present animals is difficult to compare with the flora of cattle fed other rations because of the great differences between the present animals. However, in general, the types of bacteria appear to be intermediate between animals fed alfalfa hay and a relatively small amount of grain and animals fed a ration of concentrate mixture only (Bryant and Burkey, 1953) . As in the latter animals, the succinivibrio group (group 6 in the present study and S-GX in the previous study) was often a high proportion of the strains. However, the present animals differed from the previous animal fed only concentrates in that cellulolytic organisms similar to Bacteroides succinogenes were regularly found. It seemed somewhat surprising that a gram-negative flora predominated both in cultural and direct microscopic studies and that cellulolytic bacteria (groups 1 and 2) were present in good numbers even in steer 26 when the pH was about 5.3 and protozoa were very low in numbers. It appears that cellulolytic bacteria and several other groups of normally predominant ruminal bacteria may remain dominant at a pH that is near their lower limit for growth and which seems to adversely affect ciliate protozoa.
The large fluctuations in succinivibrio-like strains in pre-penicillin samples from steer 32 (Table 2) is similar to that found in a former study of an animal fed concentrates only (Bryant and Burkey, 1953) . In three samples succinivibrio-like strains (S-GX group) accounted for 34.6, 5.6, and 10 % of total isolates. The reason for these fluctuations is not known.
The present results indicate that penicillin in appropriate levels has a drastic effect on numbers and kinds of ruminal bacteria when they are first exposed to it and suggest that the animals stop eating because of the adverse effect of penicillin on the bacterial flora. In both of the steers studied, the flora was shown to be abnormal shortly before the animal first refused feed.
The data also show that the ruminal microorganisms rapidly adapted to the penicillin because substantially normal observations on feed intake, cultural counts and pH (Table 1) , and groups of predominant bacteria (Tables 2 and 3) were found despite penicillin treatment after the steers resumed full feed. Whether this adaptation was due to induction of penicillinase production in a few species (see Smith et aJ., in Ellis, 1960) or to the selection of penicillin-resistant strains or both would be an interesting problem for future work. Hartman et al. (see Ellis, 1960) and Wiseman, Jacobson, and Miller (1960) obtained conflicting data on the development of penicillin resistance but neither group worked with the predominant anaerobic ruminal flora.
It is of particular interest that penicillin seemed to cause the ruminal microorganisms of steer 26 to assume a more normal picture and to become similar to steer 32 before penicillin treatment. The ruminal ingesta of steer 26 could be considered abnormal before penicillin therapy in that the total bacterial counts were very high, very few protozoa were present, the pH was quite low, no succinivibrio-like strains and few butyrivibriolike strains were found, and bacterial group 10 was present in very high numbers. All of these abnormalities except that of the butyrivibrio-like strains were overcome after penicillin treatment was started.
The observation that penicillin treatment seemed to result in a raised pH and the establishment of ciliate protozoa in steer 26 seems to parallel results of Mann, Masson, and Oxford (1954) in studies on the effect of chlortetracycline on the flora and fauna of calves.
The observed differences between the microorganisms of the two animals' pre-penicillin samples suggest an animal difference. It seems unlikely that the rumen fistula in steer 32 had an effect because the fistula was well sealed throughout the experiment and the flora and fauna of this animal was more normal than that of steer 26. It is well known that rations containing large amounts of concentrates tend to produce a more acid ruminal pH. It seems possible that steer 26 did not have a ruminal buffer capacity as efficient as that of steer 32, and that the lower pH of the environment was responsible for the selection of a somewhat different bacterial flora and the almost complete absence of protozoa. It is well known that low ruminal pH values can drastically affect the numbers of protozoa (Purser and Moir, 1959) . It is also possible that the difference in [VOL. 9 MISO FERMENTATION WITH S. ROUXII types of microorganisms present in the two animals, rather than an animal difference, caused the difference in pH. ACKNOWLEDGEMENT The authors are indebted to R. N. Doetsch, University of Maryland, for constructive criticism of the manuscript.
